To establish the relationship between cochlear height and age using analysis of computed tomography (CT) images. METHODS: Retrospective study measuring cochlear height on coronal CT scans of the temporal bone of 396 ears scanned from 2001-2007 in 198 patients ages 1 month to 23.5 years. Using linear regression analysis, we determined the relationship of cochlear height with age. In addition, 11 patients with multiple scans at different ages were assessed for change in cochlear height with age. RESULTS: Average cochlear height was 5.3mm (normal range 4.4mm to 6.2mm). Analysis showed no statistically significant change in cochlear height across ages from ages 1 month to 23.5 years (95% CI for regression line slope = [-0.003, 0.013]). Likewise, there were no statistically significant differences in cochlear height for patients with multiple scans at different ages. Intercochlear width increased with age as expected with increased cranial size. A small difference in cochlear height between genders was noted with males having greater cochlear height than females (p=0.001). Significant differences in cochlear height were seen between patients with SNHL (p=0.002) or Mixed hearing loss (p<0.0000001) and patients with normal hearing. CONCLUSION: Cochlear height does not change from one month of age to adulthood. Cochlear height does vary with gender with males having greater cochlear heights than females. Also patients with SNHL (males only) or Mixed hearing loss (both genders) have lesser cochlear heights than patients with normal hearing.
Previous studies have shown routine measurement of cochlear height on radiologic exam to be essential to rule out cochlear hypoplasia as a cause of SNHL [2] . Using radiographic images and a large sample size our study shows that cochlear height does not change from one month of age to adulthood.
However, cochlear height varies depending on the patient's hearing status and gender. Patients with SNHL and mixed hearing loss demonstrated significantly lesser cochlear heights when compared to normal hearing patients. This difference could represent a greater number of patients with congenital vestibulocochlear malformations in the SNHL and MHL groups. Also, cochlear height differs between males and females. This difference is likely not functionally significant, but should be used in establishing gender-specific cochlear height normative measurements to aid in diagnosis of cochlear hypoplasia.
There were several limitations to this study. CT scans were not uniformly aligned. This means that we measured the cochlear height through slightly different cuts depending on the orientation of the scan. Ideally we would reformat each cochlea based on anatomic landmarks to capture a anatomically standardized cochlear height. However, we chose our method without reformatting since it is more consistent with clinical practice. Another limitation is we did not have any patients that were less than 1 month of age and did not account for gestational age. Theoretically, the cochlea could grow in the one month after birth. But we think this is unlikely given the evidence of studies showing cochlear growth cessation in fetal specimens.
PATIENT POPULATION This study included 198 patients (115 male, 83 female) with 396 ears undergoing temporal bone computed tomography (CT) scan from 2001 to 2007 at Lucile Packard Children's Hospital, Stanford, CA. Eleven patients had multiple temporal bone CT studies. Patients ranged in age from 1 month old to 23 years old with an average age of 7.3 years old. Patients underwent temporal bone CT scans as part of their routine radiologic evaluation for diagnoses including, but not limited to, normal hearing with otologic symptoms, sensorineural hearing loss, conductive hearing loss, and mixed hearing loss.
CT SCAN OF THE TEMPORAL BONE Contiguous 1-mm scans of temporal bone were acquired in the axial and coronal plane with a Somatom Sensation 64 MultiDetector system (Siemens Medical Solutions, Erlangen, Germany). Studies were reviewed using General Electric Centricity PACS (Picture Archiving and Communication System) with magnification and electronic caliper capabilities.
COCHLEAR HEIGHT MEASUREMENTS Cochlear height was defined as the measurement from the midpoint of the basal turn to the midpoint of the upper turn taken perpendicular to the axes of the cochlear lumens in the coronal view [8] . It was measured on the cut with the maximum height that included the basal 1. In conjunction with previous fetal specimen and postnatal cadaver autopsy studies, this study shows that cochlear height does not change post-natally. 2. Males have slightly greater cochlear height measurements than females. 3. Cochlear height is lesser in pediatric patients with mixed hearing loss or sensorineural hearing loss than in patients with normal hearing. 4. Normative cochlear height measurements can be used independent of age to diagnose cochlear hypoplasia.
Cochlear malformations are a well-established cause of congenital sensorineural hearing loss in children. One of the causes of cochlear malformation is premature arrest of cochlear growth at various states of embryogenesis leading to cochlear hypoplasia or aplasia. This results in fewer than 2½ to 2¾ cochlear turns and diminished cochlear size [1] . Measuring cochlear height has been shown to reveal mild cochlear hypoplasias that were not diagnosed from visual inspection alone [2] . In order to determine normative measurements of cochlear height for clinical diagnosis of cochlear malformations for all ages, we must assess the relationship between cochlear height and age.
Cochlear development is thought to cease by about 25 weeks of gestation, but it has been difficult to assess the exact timing of the end of development due to lack of fetal specimens after this time of gestation [3] . Studies to date have primarily used small sample sizes of museum specimens. A recent analysis by Nemzek et al. using 18 fetal specimens and CT/MRI imaging found that the length of the basal turn of the cochlea and the otic capsule of the fetus reached adult dimensions by approximately 21 weeks gestation [5] . Postnatal growth of the cochlea has been measured in even fewer studies. One autopsy study of 27 children from 12 hours to 12 years of age by Eby and Nadol showed no significant changes in cochlear height or width postnatally [7] . However there has never been a comprehensive radiological study of cochlear height with age from shortly after birth to adulthood in living patients with large sample size. Clinically, it is important to establish norms for cochlear height for specific ages to facilitate diagnosis of cochlear hypoplasia and other congenital malformations of the cochlea. 1: Cochlear height by hearing category and gender. Two-tailed t-test showed a statistically significant difference between the cochlear height measurement of females and males (p<0.01). Female patients had an average cochlear height of 5.2mm while male patients had an average cochlear height of 5.3mm. Cochlear height measurements in normal hearing females (mean CH=5.3mm) and males (mean CH=5.5mm) also demonstrated a significant difference between genders (p<0.05). Patients with Mixed HL and males with SNHL showed significantly lesser cochlear heights than normal hearing patients. 
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